The Immediate Reduction in Low Back Pain Intensity Following Lumbar Joint
Mobilization and Prone Press-ups Is Associated With Increased Di usion of Water in the L5-S1 Intervertebral Disc espite advances in diagnosis, classification, and intervention, many patients presenting with nonspecific low back pain (LBP) fail to have recovery from symptoms and activity limitation. 26 Systematic reviews of the best available research suggest that interventions commonly used by physical therapists, such as various applications of exercise, manual therapy, and patient education, may be e ective for some but not all subsets of people with LBP. 14, 32, 38 Determining those subsets of patients who respond favorably to intervention has been the focus of many observational studies and randomized clinical trials. 13, 15, 20, 30, 32, 33 Data from these, and other studies have led to the development of clinical prediction rules and treatment-based classification systems that have, in turn, greatly refined Single-group, prospective, repeated-measures design.
To determine di erences in the changes of di usion of water in the L5-S1 intervertebral disc between subjects with nonspecific low back pain (LBP) who reported an immediate reduction in pain intensity of 2 or greater on an 11-point (0-10) numeric rating scale after a 10-minute session of lumbar joint mobilization, followed by prone press-up exercises, compared to those who did not report an immediate reduction in pain intensity of 2 or greater on the pain scale.
Combining lumbar joint mobilization and prone press-up exercises is a common intervention for patients with LBP; however, there is conflicting evidence regarding the e ectiveness and e cacy of this approach. Increased knowledge of the physiologic e ects of the combined use of these treatments, and the relationship to pain reports, can lead to refinement of their clinical application.
Twenty adults, aged 22 to 54, participated in this study. All subjects reported LBP of at least 2 on an 11-point (0-10) verbally administered numeric rating scale at the time of enrollment in the study and were classified as being candidates for the combination of joint mobilization and prone press-ups. Subjects underwent T2-and di usion-weighted lumbar magnetic resonance imaging scans before and immediately after receiving a 10-minute session of lumbar pressures in a posterior-to-anterior direction and prone press-up exercises. Subjects who reported a decrease in current pain intensity of 2 or greater immediately following treatment were classified as immediate responders, while the remainder were classified as not-immediate responders. The apparent di usion coe cient, representing the di usion of water in the nucleus pulposis, was calculated from the midsagittal di usion-weighted images.
Following treatment, immediate responders (n = 10) had a mean increase in the apparent di usion coe cient in the middle portion of the L5-S1 intervertebral disc of 4.2% compared to a mean decrease of 1.6% for the not-immediate responders (P .005).
In a group of subjects with LBP, who were classified as being candidates for extension-based treatment, the report of an immediate reduction in pain intensity of 2/10 of greater after a treatment of posterior-to-anterior-directed pressures, followed by prone press-up exercises, was associated with an increase in di usion of water in the nuclear region of the L5-S1 intervertebral disc. Subjects who did not report a pain reduction of at least 2/10 did not have a change in di usion. following a 10-minute application of posterior-to-anterior-directed (PA) manual pressures applied to the lumbar spine of people who had a prior history of LBP. 7 This finding was not present in the same individuals after they had been prone for 10 minutes during a separate session. Based upon this finding, we concluded that PA pressures may generate a stimulus that results in a rapid, measureable increase in di usion of water within the nuclear region of the IVD. The clinical meaningfulness of this finding was, however, unclear, and, because many of the study subjects were not symptomatic at the time of testing, we were unable to make judgments regarding the relationship of this finding to pain.
In the current study, we expand upon our previous work using a new data set to address di erences between those subjects who, although assigned to the same treatment-based classification, had di erent responses to the same treatment. We chose to investigate an extension-based treatment for subjects who we operationally classified as being a candidate for extension-based treatment. The treatment consisted of PA pressures applied to the spinous processes of the lumbar vertebrae, as described by Maitland, 40 followed by the prone pressup exercise as described by McKenzie. 42 We selected this approach because we believed that it is commonly used in clinical settings and would provide both actively and passively generated stimuli that may influence di usion within the IVD at the lumbosacral joint; however, the conflicting evidence regarding the e cacy and e ectiveness of these 2 interventions to reduce pain intensity 11, 20, 30, 31, 37, 39, 41, 50, 51 suggested that we observe a variation in the immediate change in pain intensity following this intervention. Identifying physiologic differences in response to these treatments between those subjects who report an immediate reduction in symptoms and those who do not, may help explain 1 reason for inconsistent findings in the literature. This information will be of great value in the continual refinement of treatment-based classification systems.
The purpose of the current study was to determine di erences in the changes of di usion of water in the L5-S1 IVD between those subjects with nonspecific LBP who reported an immediate reduction in pain intensity of 2 or greater on an 11-point (0-10) numeric rating scale after a 10-minute session of lumbar joint mobilization followed by prone press-up exercises, compared to those who did not report an immediate reduction in pain intensity of 2 or greater on the pain scale.
Subjects
Inclusion and Exclusion Criteria Study participants were eligible for enrollment if they were aged 20 to 60 years and reported a LBP intensity of at least 2/10 on the verbally administrated numeric rating scale at the time of testing. 19, 22, 35 In addition, subjects had to have clinical signs and symptoms that suggested that they might be candidates for extension-based treatment consisting of PA pressures followed by prone press-ups. For the purpose of this study, we operationally defined a candidate for extension-based treatment as a subject whose current symptoms of LBP were provoked, or increased, and/ or peripheralized (ie, pain was reported to move from the midline laterally, or to the buttocks, and/or lower extremity) with lumbar forward bending 27, 42, 54 and prolonged sitting to a greater degree than with lumbar backward bending, or walking. We believed that this finding would be an indication to evaluate prone pressups as a component of treatment. 42 In addition, limited anterior displacement of the L5 vertebra was subjectively interpreted as hypomobile during manual assessment. 27, 28 We believed that this finding would indicate the use of PA pressures as a component of treatment. 40 Lumbar range of motion was assessed visually but was not quantified or used to classify subjects. Potential subjects were excluded if they had any contraindications for undergoing MRI 8 or lumbar joint mobilization, 40 had signs of nerve root compression, a visual clinical decision making relative to treatment selection. 5, 25, 33 One concern, however, is that patients who meet the criteria for a clinical prediction rule or for assignment to a treatment-based classification do not always have a favorable outcome from treatment. 5, 32 Thus, a common question faced by clinicians and researchers is, "Why do some patients with nonspecific LBP who are quite similar relative to examination findings have di erent responses to the same treatment?"
One potential reason for variation in outcome following treatment may be linked to di erences in the physiological responses of lumbar tissues to the stimuli generated by intervention. 1, 2, 6, 12, 21, 23, 24, [43] [44] [45] Historically, technologic limitations have made measuring these physiologic responses di cult; thus, little is known regarding this phenomenon. Recently however, an innovative application of lumbar magnetic resonance imaging (MRI) known as di usion-weighted imaging has allowed investigators to track an important physiologic event within the lumbar spine: the di usion of water within spinal tissues. 7, 10, 36 Di usion of water is linked to the metabolic environment of tissues and is believed to be associated with variations in loading tolerance within the lumbar intervertebral disc (IVD) 6, 23, 24, 34, 44 ; therefore, the measurement of changes in diffusion resulting from intervention may help to identify important variations in physiological responses and their potential relationship to symptoms. [1] [2] [3] [4] 6, 12, 46, 47, 49 It is has been suggested that an increase in di usion within the nuclear portion of the lumbar IVD may have a favorable e ect upon LBP; however, this has not yet been demonstrated. 6, 44, 45 Di usion-weighted imaging provides an estimate of di usion of water within specific tissues slices by the calculation of the apparent di usion coe cient (ADC). 3, 10, 36 In previous work, 10 we found that measures of the ADC obtained from the nuclear region in the lumbar IVDs have excellent reliability. In a follow-up study, we observed that the ADC of the L5-S1 IVD was significantly increased
evidence of a lateral shift of the spine, 42 might have been pregnant, or had a history of inflammatory joint disease, osteoporosis, discitis, or neoplastic disorders of the spine. Additional exclusion criteria included a history of invasive procedure to the lumbar spine, or evidence of any of the following abnormalities visible on T2-weighted imaging: lumbar disc extrusion, 9 severe nerve compression, 9 spondylolisthesis of greater than 4 mm, and/ or sacralization of a lumbar vertebra. Recruitment Potential subjects were recruited by word of mouth from the local community. To maximize the likelihood that interested potential subjects would be appropriate for this study, they were initially contacted by a member of the study team and underwent a prescreen to determine the presence of inclusion and exclusion criteria. Eligible potential subjects were then scheduled for an appointment at the McCausland Brain Imaging Center, where all data were collected.
At the time of the appointment, potential subjects initially underwent standard safety screening for MRI and provided written informed consent, as approved by the institutional review board at the University of South Carolina. Potential subjects completed a medical screening form, a pain drawing, the Roland-Morris Back Pain Disability Questionnaire, 53 and questions regarding the e ects of sitting, walking, standing, and forward and backward bending on their current symptoms. At this time, potential subjects provided a verbal estimate of pretreatment current pain intensity using the 11-point numeric rating scale. 19, 22, 35 The anchor points described to each potential subject were, "How would you rate your current pain intensity if 0 equals no pain and 10 is the worst imaginable pain?" Those potential subjects who were still eligible underwent a physical examination performed by one of the authors (P.B.) in a room adjacent to the scanner. This examination began with visual assessment of standing posture to exclude those subjects who presented with a lateral shift. This was followed by 5 repetitions of active lumbar flexion and 5 repetitions of lumbar extension. Subjects who reported peripheralization of symptoms during lumbar extension or reported greater pain during lumbar extension than during lumbar flexion were excluded. 42 Subjects were then positioned supine, where active range of motion of hip flexion, hip internal and external rotation, and passive straight leg raising were determined by visual assessment. Passive overpressure was applied at the end of each of these motions. Subjects who reported distal lower extremity pain during passive straight leg raising at less than 45° were excluded. 52 Following this, subjects were positioned prone, and 2 passive PA pressures were applied to the spinous process of the L5 vertebra to the end of the available range of motion, as perceived by the examiner. 40 The examiner classified the mobility of the motion segment as normal, hypermobile, or hypomobile. 28, 29 Potential subjects classified as normal or hypermobile, or those who reported a peripheralization of symptoms during this maneuver were excluded. The remaining subjects were classified as candidates for extension-based treatment, and were enrolled in the study.
Subjects were imaged supine with the hips and knees maintained at 30° of flexion by a bolster positioned behind the knees. Spin echo techniques, using multielement spine coils, were used to obtain T2-weighted sagittal views. These images were used to assist in ruling out contraindications for treatment and to classify the L5-S1 IVD, based upon the presence or absence of degeneration. Following this procedure, subjects underwent a di usion-weighted MRI scan using a single-shot, dual spin echo, echo planar imaging acquisition with multi-element spine coils and abdominal coils. Images were obtained using a Siemens After the images were obtained, the coded files were saved and transferred to a remote workstation for analysis. The midsagittal ADC maps were used to ob-
Extension-Based Intervention
Upon completion of the pretreatment scan, one of the authors (C.A.) entered the scan room, removed the subject from the scanner, and assisted the subject to roll into the prone position. This author, who is a fellow in the American Academy of Orthopedic Manual Physical Therapists, was blinded to all subject information. She began the intervention by performing graded oscillating PA pressures to the spinous processes of each lumbar vertebra, starting with L5 and progressing rostrally to L1. Each pressure was performed using the I-to-IV grading scale described by Maitland, 40 at the highest grade below the threshold for pain reporting. Two sets of oscillating pressures of 30 seconds each were performed at each level. Immediately after the manual therapy intervention, the patient was instructed to perform 3 sets of 10 prone press-ups, using the procedure described by McKenzie. 42 Upon completion of the intervention, the subject was returned to the supine position, and re-entered the MRI for the repeat scans. Upon completion of the repeat scans, the subject provided a posttreatment estimate of current pain intensity using the 11-point numeric rating scale (FIGURE 1).
Evaluation of Images
Classification of T2-Weighted Signal A modification of the rating scale developed by Pfirrmann et al 48 that identifies the presence and degree of IVD degeneration based upon the intensity (brightness) and homogeneity of the T2-signal in the nuclear region was used for this study as follows: normal, nucleus is homogenous and bright white, with a clear distinction between annulus and nucleus; degenerative, nucleus is inhomogenous and appears gray or black (FIGURES 2A and   3A) . 7 Each of the T2-weighted, midsagittal images obtained during the initial scanning of all subjects were evaluated independently by 2 of the authors (P.B. and J.D.) to classify the L5-S1 IVD as normal or degenerative. Consensus between the 2 examiners was used to address any tain measures of the ADC from the central, nuclear region of L5-S1 for all scans. We chose to concentrate on the L5-S1 segment based upon our previous study, which suggested that this segment demonstrated significant increases in di usion following joint mobilization, and the fact that previous research suggests that [ RESEARCH REPORT ] responders. The change score of greater than or equal to 2/10 was chosen because previous research has suggested that this represents a likely minimal detectable change in this scale. 19, 22 Reliability of Measures of the ADC The intrarater and interrater reliability of measures of the ADC obtained by examiners H.N. and L.B. was calculated in 2 ways. Absolute agreement between each set of paired measures was assessed using the average measures obtained from a 2-way mixed-e ect ICC. The likely magnitude of error was then determined using the SEM, calculated as SD 1-ICC. 10 Point estimates and 95% confidence intervals were calculated for each of these statistics.
Characteristics of Immediate Compared to Not-Immediate Responders
To provide a broader description of our sample, continuous and categorical variables representing subject characteristics prior to treatment were assessed. We used 2 approaches to determine the presence of any di erences in these measures between subjects classified as immediate responders compared to those classified as not-immediate responders. An independent t test was used to assess between-group mean di erences for continuous variables (age, body mass index [BMI], Roland Morris score, and pretreatment measures of pain intensity), and a Pearson chi-square test was used to determine between-group di erences in frequencies for categorical variables (duration of current symptoms, history of prior back problems, presence or absence of disc degeneration visible on T2-weighted images, and anatomic locations of symptoms).
ADC Values of Immediate Compared to
Not-Immediate Responders Pretreatment and posttreatment ADC values of the nuclear region in the L5-S1 IVD for subjects in both groups were summarized and tested for assumptions of normality using the Shapiro-Wilk test. To determine the presence of significant this segment is often a pain generator in individuals with LBP. 2, 9, 7, 16, 18 The ADC values were calculated using standard software available on the workstation that assessed signal intensity within the pixels selected by examiners using a circular region of interest. Care was taken to restrict the region of interest to the exact center of the L5-S1 IVD and to avoid partial volume e ect (ie, the heterogeneity of tissue that could occur by including the vertebral bodies or endplates in the region of interest). Measures obtained using this technique have been shown to be reliable, with intraclass correlation coe cients (ICCs) ranging from 0.95 to 0.99 and the standard error of measure (SEM) ranging from 0.006 to 0.026 10 -3 mm 2 /s (0.1%-5.5%).
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To reduce measurement bias and to confirm reliability, 2 di erent authors (H.N. and L.B.) obtained all measures of ADC, while blinded to all subject information (subject code, date, test condition, and T2-findings). Blinding was accomplished by a third party who, after authors H.N. and L.B. left the room, randomly selected each image to be evaluated and placed a file card over all patient identifiers. Following this, authors H.N. and L.B. separately entered the room, obtained measures of the ADC, and recorded them on separate data sheets. The entire process was repeated 1 week later.
Subjects whose posttreatment pain intensity, using the 11-point numeric rating scale, had a reduction of greater than or equal to 2/10 when subtracted from the pretreatment pain intensity were classified as immediate responders. All others were classified as not-immediate di erences in the ADC values between immediate and not-immediate responders that occurred over time, we used a general linear model, repeated-measures, 2-by-2 (time by response group) analysis of variance (ANOVA), with preintervention and postintervention ADC as the within-subjects factor and group assignment (immediate responder or not-immediate responder) as the between-subjects factor. This statistical approach was chosen to allow us to examine the main e ect of treatment, as well as the presence or absence of a significant interaction between group assignment and the preintervention to postintervention change in ADC. The value was arbitrarily set at .05/2 (.025).
To provide an estimate of the strength of the di erences in the within-and between-group comparisons in ADC values, we calculated e ect sizes using Cohen d.
17
All analyses were performed with SPSS Version 17.0 (SPSS, Inc, Chicago, IL).
A total of 23 subjects were scheduled for appointment following prescreening and evaluated for potential enrollment in this study between October 2008 and May 2009. Of these, 3 potential subjects were asymptomatic at the time of testing and were not enrolled. The remaining 20 subjects were classified as candidates for extension-based treatment and were enrolled in this study. Of those enrolled in the study, a total of 12 subjects were female and 8 were male. Their mean (SD) age was 30.4 (9.7) years. All subjects were working full-time at the time of the study or were full-time students. Ten subjects (5 males and 5 females) had a reduction in pain intensity of greater than or equal to 2/10 immediately following treatment and were classified as immediate responders. The remaining 10 subjects, 3 of whom were male and 7 of whom were female, were classified as the not-immediate responders. There were no significant between-group di erences in age, BMI, Roland-Morris scores, or pretreatment pain reports (TABLE 2) . Six of those subjects classified as immediate responders reported that the duration of their current episode of symptoms was less than 2 months, while 9 out of 10 of those subjects classified as not-immediate responders reported that the duration of their current episode of symptoms was greater than 6 months ( 2 = 8.92, df = 2, P = .012). There were no other pretreatment di erences in self-report measures, nor were there di erences in the frequency of reduced T2-signal intensities between these groups (TABLE 3).
A significant interaction between response group and time was present 
I
n our sample, subjects who were classified as candidates for extensionbased treatment and who reported a reduction of pain intensity immediately following a treatment of manually applied PA pressures followed by prone press-up exercises had a small (4.2%) but significant mean increase in the di usion of water within the central, nuclear area of the lumbar L5-S1 IVD. Those subjects who were classified as candidates for extension-based treatment but did not report a reduction in pain intensity of greater than or equal to 2/10 following treatment had no change in the ADC. These results, although preliminary, suggest the potential for a linkage between changes in di usion of water within the L5-S1 IVD and patient reports of changes in pain immediately following the application of an extensionbased treatment approach that combines manual therapy and exercise. This may illustrate 1 physiologic mechanism by which analgesia results in some patients immediately following lumbar PA pressures followed by prone press-up exercises.
The reasons for the observed di erences in di usion between the 2 responder groups is unknown. One potential reason may relate to variations in changes in intersegmental range of motion following treatment. Powers et al, 50 using a sample similar to ours, examined the e ects of PA pressures compared to prone pressup exercises on intersegmental motion by calculating a series of intervertebral angles from T2-weighted images of prone subjects before and after treatment. The authors reported an association between increased total lumbar extension and reduced pain scores immediately following intervention. Thus, it is possible that immediate responders in our study may have had greater improvements in segmental or total range of motion of the lumbar spine compared to the nonresponder group; however, we did not obtain these measures. Another potential reason for between-group di erences in di usion and pain reduction may be that those subjects who did not report pain during PA pressures were more likely to receive a higher magnitude of pressures (grade III and grade IV), while those subjects who reported pain were more likely to receive grade I and grade II pressures. 11 Because of the preliminary nature of our findings, it is di cult to determine their immediate clinical relevance. Describing the physiologic e ects of lumbar manual therapy has great importance relative to refining the current applications of these techniques and to the development of future approaches to manual therapy. This will require a multistage series of investigations that assess biomechanical, morphologic, and electrophysiologic changes that result from various applications of manual therapy. Future work related to the present study will assess longitudinal changes in di usion and relate them to T2 signals, pain response, intersegmental motion, and psychobehavioral variables.
Several limitations to the current study should be acknowledged. The intent was to provide preliminary evidence to guide further, larger clinical trials. It is important to note that we only assessed the immediate change in reported pain intensity. We are unable to make any judgments from our data regarding the association between our intervention and longer-term changes in reported pain intensity. Our small sample was one of convenience and represented individuals with relatively low pain intensities and degrees of activity limitation. It is not known if our findings would be reproduced in larger, more heterogeneous samples of subjects with LBP. Thus our findings lack external validity relative to the overall population of people receiving care for LBP. An additional limitation of our study is that our measures of the ADC represent only the center, midsagittal portion of the L5-S1 disc; further study that assesses the entire disc using a 3-D representation is needed.
n a group of subjects with LBP, who were classified as being candidates for extension-based treatment, the report of an immediate reduction in pain intensity of 2/10 or greater following a treatment of PA pressures followed by prone press-up exercises was associated with an increase in di usion of water in the nuclear region of the L5-S1 IVD. Subjects who did not report a pain reduction of 2/10 or greater did not have a change in di usion.
KEY POINTS FINDINGS:
Patients with nonspecific LBP who were classified as candidates for extension-based treatment to the lumbar spine received a treatment of lumbar PA pressures followed by prone press-up exercises. The patients who reported a decrease in their pain of 2/10 or greater had evidence of an increase in diffusion of the nuclear region of the L5-S1 intervertebral disc, while those who did not report a decrease in pain of 2/10 greater had no change in diffusion at the L5-S1 level. IMPLICATION: These findings suggest a relationship between changes in diffusion within the IVD at L5-S1 and changes in pain intensity for patients with nonspecific LBP. This may explain one mechanism by which manual therapy treatment could have an immediate effect on pain reports. CAUTION: These findings are preliminary and may not be applicable to other groups of patients with nonspecific LBP. 
